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Influence of uncertainty factors of input parameters on results of the estimation of seismic
hazard has been researched. It is found that the largest deviations, from seismic hazard
maps designed on the basis of average values of distribution of seismic mode and seismic
load parameters, may arise due to the imprecise depth of earthquake sources (H), uncertain
estimations of seismic potential (Мmax) and slope of recurrence curve (g). The contribution
of such uncertainty factors, like imprecise definition of seismic activity А10, incorrect
choice of prevailing type of a motion in the source, using regional laws of attenuation of
seismic load intensity in distance instead of local once are substantially small. For Eastern
Uzbekistan, it was designed the seismic hazard map with the highest value which takes
into account every possible factors of uncertainty in parameters of seismic mode and
seismic load.
© 2016, Institute of Seismology, China Earthquake Administration, etc. Production and
hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).How to cite this article: Artikov TU, et al., Study of modern seismic zoning maps' accuracy (case for Eastern Uzbekistan),
Geodesy and Geodynamics (2016), 7, 416e424, http://dx.doi.org/10.1016/j.geog.2016.04.015.1. Introduction
Historically and currently in Uzbekistan and neighboring
areas, there are many earthquakes with magnitude М  7 and
intensity at source I0¼ 9e10 points. Therefore, seismic hazard
is a crucial issue for Uzbekistan.ogy, Academy of Science
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na Earthquake Administr
ss article under the CC BYIn modern scientific and practical views, seismic hazard is
reflected as probability that seismic effect will not exceed
estimated intensity of all possible earthquakes in a given area
within a given time interval. Seismic hazard calculations are
based on two interconnected models of seismic process:
models of seismic sources andmodel of seismic load from the
chosen set of sources. Reliability and accuracy of seismicof the Republic of Uzbekistan, Zulfiyakhanum Street 3, Tashkent,
rtikov).
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these models to real seismotectonic conditions, on the other
hand, by accuracy of the input parameters used at their
design.
Simulation errors of the first model can be related to a
number of assumptions which we have to accept for simpli-
fication of mathematical implementation (stationarity of
seismic process, linearity of recurrence curves, etc.) as well to
incompleted and imperfect initial seismological and seismo-
tectonic data used in calculations. All these lead to discrep-
ancies in identification of geographical location of potentially
hazard zones, and insufficient reliability in estimation of
seismic potential (Мmax) and parameters of various power
level earthquake recurrence (А10 and g).
Moreover, considerable uncertainties are related to
description of seismic load models depending on source
depth, type of motion, features of seismic load intensity
attenuation by distance that can vary significantly in certain
region.
Answer to questions how variable is each input parameter
used in seismic hazard calculation and how this variability
contributes to a final result, defines reliability of drawn
seismic zoning maps, as well provides opportunity to obtain
reasonable estimations of seismic hazard in the most haz-
ardous case of seismic process development that is, in our
opinion, extremely important for critical infrastructures
under high responsibility category.
The purpose of this article is to consider the numerical
studies results about influence of various uncertainty factor
parameters of seismic process and seismic load on final esti-
mations of seismic hazard.2. Data and research methodology
For quantitative research of influence of each factor's un-
certainty on a final seismic hazard estimation, we chose the
area of Eastern Uzbekistan which has been examined widely
in seismotectonic and seismology [1,2]. There is enough baseFig. 1 e Historical map of sensible and strong (М ≥ 4to believe that for the Southern and particularly Western
Uzbekistan errors' spread range of input data and conse-
quently quantitative characteristics of seismic hazard will be
rather wide.
The Eastern Uzbekistan is part of Middle Tianshan Moun-
tain which is exposed to deforming influence of consolidated
crustal blocks in various geological periods: there are the
Central Kazakhstan shield and Turan plate in the north and
the west, Tarim is in the east and the ancient Precambrian
Indian platform is in the south. Earthquakes occurring in
research region are caused by interaction and deformation of
different scaled crustal blocks and are directly related to
lithosphere dynamics of whole Pamir-Alay and Tianshan
Mountain.
Fig. 1 is the historical map of sensible and strong
earthquakes (М  4.3) in Eastern Uzbekistan. On this map,
active crustal faults and seismogenerating zones [1] are
presented.
Calculation of seismic hazard of Eastern Uzbekistan was
made in two stages. At the first stage, the shake frequency ВI
with given value of macroseismic intensity I was calculated
for each point of study area. This calculation is based on
following integral:
BI ¼
Z
v
NSdv;
whereNS is related to unit of time and volume of the expected
number of earthquakes which sources are located in
elementary volumes dv, capable to cause shakes with in-
tensity not less I points in observation place.
At the second stage, isolines of design intensity I ¼ 5e9
points with average recurrence once in T ¼ 500, T ¼ 1000,
T ¼ 2500 and T ¼ 5000 years are assigned. These zones are
areas in which probability is not exceeding seismic load in
time interval t ¼ 50 years, are P ¼ 0.9, P ¼ 0.95, P ¼ 0.98 and
P ¼ 0.99 respectively.
For further comparisons, we chose two variants of seismic
zoning maps with intensity assessment of seismic load from
the viewpoint of macroseismic intensity scale MSK-64 for.3) earthquakes' sources of Eastern Uzbekistan.
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within 50 years. Fig. 2 has been drawn on the bases of
following points which are substantiated in reference [2]:
- As model of seismic sources were considered, seismogen-
erating zones of territory of Uzbekistan and the neigh-
boring areas whose allocation is based on the
seismotectonic researches that crust faults are active at the
present stage of geological development [1];
- Seismic potential Мmax of these zones is estimated by a
complex of seismotectonic [1] and seismological methods
[1,2];
- The earthquake recurrence parameters in GuteneRichter
relationship are defined for each seismic active zone, ac-
cording to the distribution of power classes for the seismic
events [2]. Thus the parameter g in a base variant is
accepted as g ¼ 0.48, and seismic activity А10 varies from
one zone to other zone;
- During the estimation of seismic hazard, the source depth
was accepted depending on earthquake magnitude h ¼ h
(M), where h (M) is the most probable depth of the magni-
tude set [2];
- Hazard calculations are done for earthquakes with thrust
type motion in the source as it prevails in study area [2];
- Law of intensity attenuation of seismic load by distance is
obtained particularly in Pritashkentsky (around Tashkent)
area and the Fergana intermountain trough area [3].
During the research, we varied all input parameters used
for quantitative calculation of seismic hazard within real
possible changes, and estimated the maximum increment of
the area of the seismic intensity, caused by such changes.
Thus, as a measure of influence factor, the size of intensity
increment of seismic load DI caused by it was considered.3. Results and discussions
3.1. Influence of uncertainty factors related to seismic
process parameterization
To characterize average frequency of earthquake recur-
rence, two parameters unambiguously defining the position ofFig. 2 e Basic maps of seismic hazard of Eastern Uzbekistan fro
probabilities: a) P ¼ 0.99 and b) P ¼ 0.90, not exceed level of sea straight line in GutenbergeRichter law of earthquake dis-
tribution by power classes are used in seismological practice.
lgNk ¼ lgA10  gðK 10Þ;
K ¼ lgE; K  Kmax (2)
Ordinate is a straight line at K ¼ 10, called seismic activity
A10, and value of recurrence cure's slope g is seismic divisi-
bility of environment. As a rule, seismic activity A10 mapped
with double increase scale 0.05, 0.1, 0.2, etc. Fig. 3(aed), show
how base seismic zoning maps change at increase and
decrease of seismic activity by 50%.
Calculation results showed that the maximum changes in
whole Eastern Uzbekistan with such variations of seismic
activity are DI ¼ 0.25 point with P ¼ 0.99, and DI ¼ 0.28 points
with P¼ 0.90. This result has a direct relation to the discussion
of the aftershock contribution to final estimations of seismic
hazard, and chose of various algorithms of the catalogue
filtration. Actually, our calculations showed that the changes
of seismic hazard caused by variations of seismic activity are
not so high.
Considerably big changes in seismic hazard maps are
contributed by variations of seismic divisibility (parameter g).
As g reduces from g ¼ 0.48 to g ¼ 0.4, the maximum values of
seismic intensity increment isDI¼ 0.7 point. At the same time,
seismic hazard increases. As g increase from average long-
term value to g ¼ 0.6, seismic hazard decreases to DI ¼ 0.96
point. Seismic hazard maps of Eastern Uzbekistan at various
values of seismic divisibility are presented in Fig. 4.
The definition error of parameter g is given as below:
sg ¼ gﬃﬃﬃﬃﬃﬃ
NS
p ; (3)
where g is the found value of divisibility, NS is the total
number of the earthquakes used in its calculation.
In the above formula, when real values of seismic divisi-
bility of order g ¼ 0.5, for accuracy being not less than 0.1, it is
necessary to consider at least 25 seismic events.
Therefore, the calculations of seismic hazard based on
earthquake recurrence parameters (М ¼ 4.5e7.5), defined each
structural element (a seismic zone or area source), can lead to
considerable errors simply because certain number of strong
earthquakesmay not be there during observation. In this case,m viewpoints of macroseismic intensity scale MSK-64 for
ismic load within 50 years.
Fig. 3 e Seismic hazard maps of Eastern Uzbekistan from the viewpoints of macroseismic scale at various values of seismic
activity. (a) Increased by 50% (P ¼ 0.99); (b) Decreased by 50% (P ¼ 0.99); (c) Increased by 50% (P ¼ 0.9); (d) Decreased by 50%
(P ¼ 0.9).
Fig. 4 e Seismic hazard maps of Eastern Uzbekistan from viewpoints of macroseismic scale at various values of seismic
divisibility g: (a) Decreased (g ¼ 0.4, P ¼ 0.99); (b) Increased (g ¼ 0.6, P ¼ 0.99); (c) Decreased (g ¼ 0.4, P ¼ 0.9); (d) Increased
(g ¼ 0.6, P ¼ 0.9).
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calculation of seismic hazard at single value g for all seismic
active region. In the first case, it is area differentiation by value
of seismic divisibility, but value g should be extrapolated to
the area of highmagnitudes, in the second case, it is supposed
stability of value g in each point of investigated area, based
only on statistics of strong earthquakes, detailed mapping
cannot be done.
Considerable influence on a final estimation of area seismic
hazard is decided by variations of maximum possible earth-
quake Мmax. For the majority of seismic active zones of Uzbe-
kistan, the difference between value Мmax is defined by a
complex of seismological method, and the value of seismic
potential is obtainedon thebasis of seismotectonicmethods, is
within 0.5 magnitude. For some zones, such as Sandalash,
North-Kuljuktau-Turkistan, Chatkal, these divergences exceed
0.5 magnitude.
We designed maps of seismic zoning of Eastern Uzbeki-
stan, in which at constant value of other parameters, the size
of seismic potential in the first case increased, and in the
second case, it reduced 0.5 magnitude, which is opposite to
the base map made by a complex of the seismological and
seismotectonic data. Fig. 5 showed that an increment of
seismic intensity of DМ ¼ þ0.5 made DI ¼ þ0.84 point, and
DМ ¼ 0.5, the DI ¼ 0.68 point, for maps with probability
not exceeding P ¼ 0.99. For maps with P ¼ 0.90, DI with the
same variations of magnitude is less by 0.1 point.
If Мmax value increased, Tashkent and the whole area of
Fergana valley, the areas fromKokand city to the north are in 9Fig. 5 e Seismic hazard maps of eastern Uzbekistan from view
potential Mmax. (a) Increased by 0.5 magnitude (P ¼ 0.99); (b) De
magnitude (P ¼ 0.9); (d) Decreased by 0.5 magnitude (P ¼ 0.9).point zone. If Мmax value decreased, there is not 9 point zone
in the whole Eastern Uzbekistan. In our opinion, the latter
case is interesting. It shows that if seismic potential value in
seismogenic zones of Eastern Uzbekistan decreases from
М ¼ 7.5 to value М ¼ 7.0, under the condition that average
values of other parameters are not varied, in the investigation
area, the intensity I  8 should not occur with probability
P¼ 0.99. Considering that in eastern part of Uzbekistan, during
the whole period of observation (including the historical data),
there was no earthquake with М  6.5, the regulatory maps
based on forecast estimations of value Мmax, possess a
considerable safety margin.
At the same time, it is necessary to emphasize that if
earthquake with М  6.5 occur at shallow depth, and it was
during the Andijan earthquake in 1902, the effect of 9 points
can be felt in small areas.
3.2. Considering features of seismic load
In Fig. 6, there are seismic hazard maps of Eastern
Uzbekistan for probabilities P ¼ 0.99 and P ¼ 0.90 not exceed
of seismic load within 50 years, designed for the various
fixed earthquake depths: Н ¼ 10 km (Fig. 6a and c);
Н ¼ 30 km (Fig. 6b and d). These maps were compared with
the seismic zoning map presented in Fig. 1, designed for
depth Н of the most probable earthquakes of various power
level H ¼ f (M). Thus, the increment of macroseismic
intensity was calculated at minimum and maximum
deviation values of probable depths.points of macroseismic scale at various values of seismic
creased by 0.5 magnitude (P ¼ 0.99); (c) Increased by 0.5
Fig. 6 e Seismic hazard maps of eastern Uzbekistan from viewpoints of macroseismic scale at various values of earthquake
depth. (a) Н ¼ 10 km (P ¼ 0.99); (b) H ¼ 30 km (P ¼ 0.99); (c) Н ¼ 10 km (P ¼ 0.9); (d) H ¼ 30 km (P ¼ 0.9).
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incrementation of seismic intensity DI at a variation of
earthquake depths has the greatest effect among all consid-
ered factors and it is DI ¼ þ1.54 point, if depth reduced from
average statistical value for the set magnitude to almost
minimum Н ¼ 10 km, and accordingly DI ¼ 1.06, if it
increased from average depth to 30 km depth.
In the first case, there are areas with ground shaking in-
tensity I > 9 points on 99%map and Tashkent city is in 9 point
zone. In the second case, when it is a deep earthquake
(Н ¼ 30 km), there is not 9 point zone and Tashkent city is in 7
point zone.
There is a significant difference in incrementation of in-
tensity DI as depth reduces and seismic potential increases. In
the first case, 6e7 point zones practically do not change, since
depth Н ¼ 10 km for earthquakes, which is created by such
shakes, is “normal”. In 8e9 point zones, this depth is practi-
cally minimum and 10 point zones appear at the side of these
zones. In a case, when the magnitude of the maximum
possible earthquake increases, the zone point increase hap-
pens evenly all over the area and 6 point zones disappear from
the map.
As is known [4], the majority of strong earthquakes in the
area of Uzbekistan are characterized by thrust motion type
in the source which was accepted as basis of mapping
seismic hazard (Fig. 1). At the same time, individual strong
earthquake is characterized by strike-slip or normal dip-slip.
In reference [5], it is determined that the motion type in thesource influences seismic load intensity. It is noticed that at
thrust type slip, amplitude of peak accelerations are
approximately 2 times of the amplitude at strike-slip.
Studying records of accelerations in wider range of mag-
nitudes and epicentral distances, V.V. Steinberg [5] noticed
that sizes of the maximum accelerations at thrust-slip is
higher than at strike-slip only in a near zone. In a distant
zone, the amplitude of accelerations at strike-slip exceeds
acceleration at thrust-slip, i.e. accelerations at thrust-slip in
a near zone are higher than at strike-slip, but they decays
faster than those at strike-slips. Similar changes in intensity
increments are noticed in a macroseismic field [6]. Fig. 7
presents seismic hazard maps of Uzbekistan at strike-slip
character of a motion in the source. As one would expect, it
is less dangerous and an increment DI in relation to a map
based on thrust type earthquakes (Fig. 1) is DI ¼ 0.34 point.
In mapping seismic hazard of Uzbekistan from viewpoints
of macroseismic scale, we used differentiatedly by area the
attenuation laws of macroseismic points in distance for
various earthquakes (the Fergana intermountain trough, Pri-
tashkentskay area, the Western Uzbekistan). We compared
seismic hazard maps of Eastern Uzbekistan with the map
which was drawn by assigning the same input parameters,
using first two dependences (for Fergana valley and Pri-
tashkentskay area), as attenuation law was applied N.V.
Shebalin's dependence for whole Central Asia [7]:
I ¼ 1:5M 3:8lgRþ 3:4
Fig. 7 e Seismic hazard maps of Eastern Uzbekistan from viewpoints of macroseismic scale at strike-slip in the source. (a)
0.99; (b) 0.9.
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intensity as the attenuation law varied is DI ¼ 0.22 point for
P ¼ 0.99 and DI ¼ 0.26 points for P ¼ 0.9. Thus the maps
designed on dependence of N.V. Shebalin [7], showed more
hazard (Fig. 8).4. The most dangerous variant of seismic
hazard map of Eastern Uzbekistan
Among seismologists, there is an opinion that the most
dangerous variant of a seismichazardmap is the deterministic
variant as it defines a maximum level of seismic load without
time factor, unlike probabilistic maps consider only seismic
shakes which period of repetition is limited by T ¼ 5000 years.
Since for the majority of seismic active zones, the period of
earthquake recurrence with magnitude equal М ¼ Мmax ex-
ceeds period T ¼ 5000 years, which implies that probability
occurrence of such ground shakes is negligibly small.
However, even the deterministic variant of seismic hazard
maps, as a rule, is designed for a fixed value Мmax, average
source depth of the maximum possible earthquake, and the
sizes of pleistoseimic area which caused the maximum
possible earthquake occurred in this “normal” depth.Fig. 8 e Seismic hazard maps of eastern Uzbekistan from viewpo
Asia shake intensity dependence attenuation law in distance. (Above discussion showed that besides time factor, there
are some other factors leading to essential change of seismic
hazard maps, decided the average long-term values of the
seismic mode and seismic load parameters.
Some of these factors are related to statistical definition
errors of seismic mode and seismic load parameters, due to
the incompleteness of the initial data. Other factors, such as
various depths of the hypocentres, motion types in the source,
have the real physical reasons. If regulatory seismic zoning
maps are designed on themost probable values in distribution
of seismicmode and seismic load parameters, for objects with
very high category of responsibility, it is necessary to consider,
apparently, extreme variants of statistical distribution of
these parameters, even if probability of their occurrence is
insignificantly small. In Fig. 9, there are seismic zoning maps
of Eastern Uzbekistan, based on this principle for
probabilities P ¼ 0.99 and P ¼ 0.9. In these maps, for each
point of investigated area, I was chosen as greatest from the
maps presented in Figs. 3e8. They include an extremely rare
case of seismic process development, which did happen in
our study area. Generally, this kind of earthquake occurs
associated with the maximum possibility on the minimum
depth, whose occurrence possibility is almost at the edge of
the uncertainty range defined by the value of А10, g, Мmax etc.ints of macroseismic scale by using N.V. Shebalin's Central
a) P ¼ 0.99; (b) P ¼ 0.9.
Fig. 9 e The most dangerous variant of seismic hazard map of Eastern Uzbekistan from the viewpoints of macroseismic
scale. (a) P ¼ 0.99; (b) P ¼ 0.9.
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dangerous than the basemaps (Fig. 2). The substantial area on
them is occupied by 9 point zones, and ground shakes at some
sites reach 10 point. At the same time, even at extreme
distribution of input parameters, in a considerable part of
study area (about 40e45%) macroseismic points has not
changed considerably. The greatest changes have concerned
zones with high value of seismic potential. Thus, the
increment of macroseismic intensity caused by extreme
values of input parameters, occurs non-uniformly in the
area. Such changes at creation of standard seismic zoning
maps require further study.5. Conclusion
In this paper, we studied the influence of input parameters'
uncertainty on the results of the seismic hazard estimation. It
is found that the greatest deviations, from the seismic hazard
maps designed on the basis of average values in distribution of
seismic mode and seismic load parameters, may arise as
result of the occurrence of maximum power earthquakes in
the minimum depths of the source (DI ¼ 1.5 point), statistical
errors in definition of earthquake recurrence curve slope of
various power level g (DI ¼ 0.96 point) and sizes of maximum
possible earthquakeМmax (DI¼ 0.84 point). The contribution of
such uncertainty factors, like inaccurate definition of seismic
activity А10, incorrect choice of prevailing motion type in the
source, using not local but regional laws of attenuation of
seismic load intensity in distance is smaller and their values
are DI ¼ 0.24; DI ¼ 0.34 and DI ¼ 0.22 point accordingly. For the
area of Eastern Uzbekistan, it was designed the most
dangerous variant of seismic hazard map in which every
possible factors of uncertainty in seismic mode and seismic
load parameters are considered. This map essentially differs
from the maps drawn on the basis of average values of these
parameters. In some sites of this map, the seismic load in-
tensity can be more than 9 point. We examined the occur-
rence probability of extreme deviations from the average
values, for seismic mode distribution and seismic load pa-
rameters. We found this occurrence probability is small.Therefore, this map can be used for critical infrastructure
objects with very high category of responsibility.r e f e r e n c e s
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